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This study investigated whether the reported 
straight leg raise (SLR) test-retest reliability is 
an artefact of motor memory. Six SLR 
measurements were performed by one therapist 
on 16 subjects with a symptomatic SLR. Distance 
cues availableto the subjects were manipulated 
by systematic variation of the starting position 
for each test. Angles at P1 (the angleatwhich 
pain was provoked) were measured with a 
gravitational goniometer. No significant effect 
on P1 was observed due to either variation in 
starting position or repeated testing. The SLR 
procedure was found to be highly reliable, with 
an intraclass correlation coefficient (ICC) of 
0.95. These results indicate that SLR reliability 
is not an artefact of memory for the movement 
involved in the test. 
[Chow R. Adams R and Herbert P.: Straight leg 
raise test high reliability is not a motor memory 
artefact. Australian Journal of Physiotherapy 
40: 107-111] 
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ORIGINAL ARTICLE 
Straight leg raise test 
high reliability is not a 
motor memory artefact 
The straight leg raise (SLR) test is routinely employed to monitor 
pain behaviour in patients with 
low back pain or sciatica. With this 
test, patients are asked to indicate the 
point of onset of pain (often termed 
PI) during a passive leg lift. 
Infonnationgained regarding pain 
behaviour on SLR assessment' 
establishes an initial baseline response, 
which may then be used in evaluating 
the efficacy of treatment interventions. 
The usefulness of the SLR test as an 
objective measure for pain assessment 
depends on its reliability over repeated 
measurements. Previous studies of 
SLR reliability (McFarlane 1981; 
Million et a11982, Puentedera 1983) 
have all recorded high test...;retest 
correlation values (0.96, 0.97 and 0.98 
respectively). 
It is possible, however, that factors 
other than pain sensation, such as 
visual or kinesthetic feedback 
regarding endpoint or distance of limb 
movement, obtained from the initial 
performance of a SLR test to P 1, could 
contribute to the reproduction of PI 
on subsequent SLR movement tests. 
Thus, the high test-retest reliability 
values reported in the literature may 
reflect patients' ability to remember 
movement endpoint,' based on 
kinesthetic feedback arising from 
performance of the initial SLR 
movement. Patients may simply be 
exercising caution in calling this 
remembered endpoint PI, because on 
a previous leg raise that position 
evoked pain. 
Research in the area of memory for 
movement has identified .a property of 
movement recall which makes it 
possible to test the hypothesis that 
recall of terminal location artificially 
inflates experimental estimates of SLR 
test reliability. This research indicates 
that recall of movement endpoint may 
be influenced by memory of 
kinesthetic (movement) cues arising 
from the excursion through which a 
body part is moved (Roy and Diewert 
1978, Walsh and Russell 1979, 1980), 
presumably because these two 
movement parameters are not encoded 
independently. Investigations of 
distance cues and their role in 
movement reproduction have utilised 
the variable starting position 
technique, whereby an initial standard 
movement is performed, followed by 
repeated movement tests from . 
different starting positions, in which 
subjects are asked to recall the extent 
of the original movement. 
A consistent finding from studies 
employing this methodology is that 
changes in starting position render 
distance cues unreliable for 
reproduction of the endpoint of the 
initial standard movement (Roy and 
Diewert 1978, Walsh and Russell 
1979, 1980). Manipulation of distance 
cues results in a linear response bias, 
whereby if the movement is 
commenced from a starting position 
closer to the endpoint of the initial 
standard movement, overshooting of 
the endpoint is observed. On the other 
hand, a negative change in starting 
position results in undershooting of 
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the original endpoint of the 
movement. Further, if the distance of 
the original movement is recalled from 
different starting positions, the 
endpoint of the original movement 
exerts a similar effect on attempts to 
reproduce distance. The results of 
these studies demonstrate that distance 
information about the original 
movement is encoded with end 
location information, and that recall of 
one of these sources of information 
also accesses the other. 
The purpose of this study was to 
determine if the reported high 
reliability of the SLR is an artefact of 
memory of information derived from 
kinesthetic cues associated with the 
endpoint of the SLR movement. If use 
of such information does have an effect 
on the point nominated as PI, lower 
starting positions for the repeated 
movement should result in a report of 
PI at a lower value than that reported 
on the original SLR movement, and 
higher starting positions should result 
in a greater value for Pl. Thus 
systematic variation in starting position 
provides a test of whether distance and, 
by inference, terminal location also, 
are being used as the basis for 
reporting PI in repeated SLR tests. If 
such an effect can be shown not to 
occur, pain may be regarded as the 
only source of information influencing 
the location ofPl. 
Method 
Sixteen subjects, five women and 11 
men ranging in age from 22 to 78 
years, participated in this study. The 
mean age for males was 44.7 and for 
females 32.6 years. 
Selection criteria were (i), a 
symptomatic SLRtest(pain 
reproduced in the back and/or leg 
between the angles of 30 and 70 
degrees), and (ii), non-irritable 
symptoms on the basis of subjective 
examination findings as described by 
Maidand (1986). Thirteen subjects 
were patients attending either one of 
three private practices in Sydney, 
where they were receiving treatment 
for concurrent low back pain and/or 
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Figure 1. 
The leg is supported on a block in the starting position for condition C. For conditions B, S 
and D the leg is supported on blocks of different heights. For condition A the blocks are 
removed and the leg rests on the padded board on the plinth. A gravitational goniometer 
attached to the leg is used to measure straight leg raise angle. 
Figure 2. 
The effects of starting position and trial number on measured SLR nmge.Starting 
pCJsitionsA. B, C and D correspond to 10 below, 5cm below, 5cm above and 10cm above 
the standard position, respectively. There were no significant linear or big her order 
effects of either starting position or successive testing on SLR range. 
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Figure 3. 
Tile response of individual subjects to repeat measurements of SUl Each line indicates 
how the straight ieg raise angle of one subject varied with repeated testing. 
sciatica. The remaining three subjects 
comprised two physiotherapy students 
and one member of the physiotherapy 
teaching staff, all of whom complained 
of intermittent low back pain with 
referral into the buttock and/or leg, 
but who were not currently 
undergoing treatment for these 
symptoms. 
Written informed consent was 
obtained from each subject. The 
protocol was approved by the 
University Ethics Committee. Subjects 
were informed that the tests might be 
performed from different starting 
positions. 
Apparatus 
Angles at PI were measured to the 
nearest degree with a fluid-filled 
gravitational goniometer (Medical 
Research, UK) strapped to the lateral 
aspect of the limb to be tested, Scm 
from the inferior margin of the lateral 
malleolus (Figure 1). The goniometer 
was calibrated prior to testing so that it 
measured zero degrees with the leg 
supported horizontally on a foam-lined 
board on the treatment plinth (Figure 
1, position A). 
Distance cues (from the excursion of 
movement) for the four test conditions 
were manipulated by altering the 
starting position for each SLR test, 
using wooden blocks placed on the 
board. A hammock to support the 
patient's heel was created by slinging a 
taut band of surgeon's flannel, 
reinforced with foam, across the top of 
each block. 
Procedure 
One of the authors performed all SLR 
tests on all subjects. A standardised 
SLR protocol (Brieg and Troup 1979) 
was adopted, with a 30 second inter-
test interval. Subjects were blindfolded 
to eliminate visual cues. PI was 
operationally defined as the position in 
range of pain onset (or the point of 
pain increase in subjects with resting 
pain). 
To enable assessment of the effects of 
distance cues on the endpoint of PI 
during SLR testing, the variable 
starting position methodology 
described earlier was used. In total, six 
SLR tests were performed. The first 
test on each subject was performed 
from a starting position (S), lOcm 
above the horizontal. The leg was then 
lowered to one of four test positions 
(A, B, C or D). These positions were, 
respectively, lOcm below, Scm below, 
Scm above and 10cm above the 
standard (S) position. To control for 
series effects, the order of variations in 
starting position was randomised. So 
that test-retest reliability could be 
calculated, a repeat measure was taken 
from the horizontal position (position 
A) as the sixth trial, concluding the 
experiment. 
Based on the findings of Walsh and 
Russell (1979, 1980) it was expected 
that if distance cues were being 
accessed by the subjects in recalling the 
position of PI, undershooting of PI 
would be observed when the 
movement was initiated from positions 
A and B, which were further away from 
PI than the standard position. 
Conversely, it was expected that 
overshooting of PI would be observed 
when the movement was initiated from 
positions C and D, which were closer 
to PI. 
from Page 109 
Data analysis 
Effects on PI were assessed both as a 
function of starting position and of 
repeated SLR testing, using an 
ANOVA for repeated measures with 
planned contrasts to test for trends 
(W"mer 1962). The intraclass 
correlation coefficient (2,1) described 
by Shrout and Fleiss (1979) was used to 
describe the capacity of the SLR to 
reflect true (non-random) variations 
between subjects. A measure of 
agreement was given by the percentage 
of paired measures which agreed to 
within 5 degrees. This criterion has 
been utilised in previous reliability 
studies in physical medicine (Mayerson 
and Milano 1984). 
Results 
Since the final test from horiwntal 
provided a replication of the test 
condition (A) these two tests could be 
used to calculate an ICC for test-retest 
reliability (Table 1) and a cumulative 
agreement table (Table 2). There was 
no significant trend in SLR range with 
variation in starting position (Figure 
2). Thus, PI was not significantly 
influenced by variations in starting 
position in either a linear, quadratic or 
cubic fashion. 
Further analysis of the pooled data 
for all subjects did not reveal any 
significant group trends associated 
with repeated SLR testing, even 
though, on average, there appears to be 
a small increase in SLR with repeated 
testing. Thus, overall, PI was not 
significantly influenced by repetitions 
of the SLR procedure (Figure 2). 
However, analysis of the data for 
individual subjects revealed that three 
subjects showed substantial increases in 
range to PI with repeated testing 
(Figure 3). The mean increase for 
these subjects OVer six tests was 12.6 
degrees. Further, two subjects 
appeared to demonstrate a decrease in 
range to PI for the last two measures 
(Figure 3). The mean decrease for 
these subjects was 5.5 degrees. 
Test-retest reliability of the two 
measures of leg raise from the 
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horizontal starting position was high, 
with an ICC (2,1) value of 0.95. It is 
evident from the cumulative per cent 
agreement (Table 2) that the intra-
observer agreement was also high, with 
88 per cent of paired measurements 
differing by less than or equal to 5 
degrees. 
Discussion 
Under blindfold conditions, in a 
sample of subjects with a symptomatic 
SLR test, manipulation of distance 
cues by variations in starting position 
had no significant effect on Pl. That 
is, although the SLR test was at times 
initiated from a point Scm or 10cm 
below the standard starting position 
(S), PI was not reported below the 
original value obtained in the test from 
the standard starting position. 
Conversely, when the test was initiated 
from positions Scm or lOcm above the 
standard starting position (S), subjects 
did not report a higher PI value. The 
implication is that the observed and 
reported high reliability of the SLR 
test is not an artefact of memory for 
excursion of the leg from the 
horizontal. The results of this study 
suggest that the onset of a sensation of 
pain is being used by symptomatic 
subjects in the recall of PIon repeated 
SLR testing. 
This study confirms the high test-
retest reliability of the SLR test 
reported by McFarlane (1981) and 
Million et al (1982). Due to its high 
ICC value (0.95), it is possible to 
conclude that 95 per cent of the 
variation in the SLR measures taken 
reflects true variation between patients 
on this dimension. This further 
validates the SLR procedure as a 
clinical tool for pain assessment, and 
for ascertaining the effectiveness of 
various treatments aimed at improving 
SLR. 
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In contrast to the significant mean 
increment in range to PI of just over a 
degree per lift obtained by McFarlane 
(1981), in the present study there was 
no significant effect of repeated testing 
on mean range to PI. However, the 
trend of increased range to PI with 
repeated testing observed in three 
subjects may represent a treatment 
effect for some subjects with a 
symptomatic SLR. Given the 
magnitude of these shifts in relation to 
the size of the intermeasurement 
discrepancy of two repeats starting 
from horizontal it is likely that these 
changes are a reflection of a change in 
symptoms rather than measurement 
error. Further investigation as to which 
subgroup would benefit from repeated 
SLR procedures is thus warranted. 
Conclusion 
The results of this study suggest that 
the the reported high reliability of the 
SLR test procedure is not an artefact of 
memory for either visual or kinesthetic 
cues derived from excursion of the leg 
from the horizontal. Thus, the high 
reproducibility of PIon repeated SLR 
testing appears not to be influenced by 
memory of the distance through which 
the limb was moved. Measured 
changes in PIon SLR testing of more 
than 5 degrees may be attributed to 
real changes rather than to 
measurement error. Thus the SLR test 
is further validated as an objective 
measure of pain behaviour in the 
assessment and re-assessment of 
patients with low back pain and/or 
sciatica who present with a 
symptomatic SLR. Amount of change 
in PI may safely be used to assess the 
efficacy of various treatments aimed at 
improving the SLR. 
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